SUMMAR Y The Sleep Disorders Inventory (SDI) is an expanded version of one item of the Neuropsychiatric Inventory (NPI). It describes the frequency, severity, and caregiver burden of sleep-disturbed behaviors during a period prior to its administration. We carried out post hoc analyses on baseline responses to the SDI in 104 persons with Alzheimer's disease (AD) and live-in caregivers who had been recruited for a trial of melatonin in the treatment of sleep disturbance. These patient-participants averaged <7 h of sleep per night, measured by actigraph (sleep disturbance), for the 2-3-week period prior to administration of SDI. Data were from the 2 weeks prior to the baseline visit (SDI, NPI) including actigraph-derived sleep variables and 2 weeksÕ worth of sleep quality ratings (SQR) kept in a diary by caregivers, plus Mini-Mental State Examination and activities of daily living assessment at baseline. The prevalence of sleep disorder symptoms ranged from 34% (waking up at night thinking it is daytime) and 82% (getting up during the night). Worse SDI scores were associated with worse cognitive, functional, and behavioral status, but not with sex, age, education or duration of dementia. SDI scores were significantly worse in individuals meeting independently established criteria for a diagnosis of Ôsleep disturbanceÕ (<6 h total sleep time per night) whereas demographic variables and scores reflecting cognition and function were not significantly different across this grouping. The SDI covers a wide range of sleep behaviors and provides information independent of sleep time and SQR.
INTRODUCTION
Sleep disturbances may contribute to the behavioral, functional, and cognitive status of persons with Alzheimer's disease (AD), as well as to the burden and health status of the caregiver (Pollak and Perlick, 1991; Pollak and Stokes, 1997) . The Alzheimer's Disease Cooperative Study (ADCS) (Thal, 1997) , an NIA-sponsored consortium of AD research centers, recently completed a large clinical study of melatonin in the treatment of sleep disturbances in persons with AD (Singer et al., in press ). In the present report, we describe a new instrument that assesses symptoms of sleep disturbance/disorder, the Sleep Disorders Inventory (SDI). We evaluated the responses to the SDI during the 2-week pretreatment phase of the melatonin study and describe the SDI as a novel instrument for use in assessing and quantifying sleep disturbance/disorder in AD patients. The SDI was developed for the ADCS melatonin study and is derived from a well-known instrument, the Neuropsychiatric Inventory (NPI) (Cummings et al., 1994; Mega et al., 1996) . The NPI is scored through a semi-structured interview by a clinician or researcher with a caregiver of the person with dementia. Night-time behaviors represent one area assessed by the NPI. The NPI can be administered and scored as a 10-item (excluding sleep and vegetative symptoms) or a 12-item instrument (including both). The SDI was created by expanding item 11 of the 12-item NPI and limiting the ÔobservationÕ period from 4 weeks to 2 weeks. According to the basic structure of the NPI, the respondent is asked a ÔscreeningÕ question, a general indication of whether or not symptoms in that particular behavioral area are present. If the screening question is positive, then specific subquestions are asked. The NPI score is based on single frequency and severity ratings for the general behavioral area within the previous 4 weeks, rather than on quantitative ratings for each of the subquestions for that period.
The SDI consists of the seven subquestions from the NPI sleep disturbance item. Each of the subquestions was made into a separate question with frequency, severity, and caregiver distress rated by the caregiver with respect to the patientparticipant for the 2 weeks prior to the visit. Thus, in contrast to a single rating for frequency and severity for all sleep disturbance-related behaviors, which would be incorporated into an overall NPI score, the SDI score is derived after the caregiver rates the frequency and severity of each of the seven separate sleep disturbance symptoms (see Table 3 ). Caregiver distress ratings are not part of the SDI total score, but distress is measured (see Table 3 and Appendix).
In addition to the SDI, participants in the melatonin study were also administered cognitive and functional instruments, the 10-item NPI, and sleep-based measures. We report here the results from the baseline (pre-randomization) period.
METHODS
We calculated the prevalence (endorsement rate) of each of the seven symptoms, as well as mean frequency, severity and caregiver impact (distress). After calculating the overall score on the SDI for each participant, we explored the relationships between the SDI and three other measures: caregiver ratings of the quality of sleep, actigraphically-measured sleep, and behavioral symptomatology (overall NPI score). Cognitive and functional instruments (described below) were also administered to characterize the cohort at the baseline visit.
Subjects
Patient-participants were persons meeting National Institute of Neurologic and Communicative Disorders and StrokeAlzheimer's Disease and Related Disorders Association (NINCDS-ADRDA) criteria for probable or possible AD (McKhann et al., 1984) . Informed consent was obtained from all participants and their caregivers. Individuals with AD whose caregivers identified them as having disturbed sleep were screened for randomization into the melatonin study. Those meeting baseline criteria of an average of <7 h of nighttime sleep during the 2-3 weeks prior to the study and/or at least two episodes of night-time awakening within the previous 2 weeks were enrolled (n ¼ 157). Of these, some had mean night-time sleep time >7 h, but review of their prebaseline actigraphy revealed very low sleep efficiency (<60%) after sleep onset. Participants who had valid SDI responses at the screening visit and who resided with a caregiver (n ¼ 104) were selected for this analysis, 18 of whom (17%) had mean prebaseline total sleep time (TST) >7h and were accepted by the Project Director (CS). Table 1 presents the characteristics of these AD patient-participants with respect to demographics and AD-related variables.
Instruments
Well-known and widely used instruments were used to characterize the patient-participant population. The MiniMental State Examination (MMSE) (Folstein et al., 1975) , ranging from 0 (worst) to 30 describes general cognitive functioning and is consistently used in dementia-related studies and clinical trials. The cognitive portion of the Alzheimer's Disease Assessment Scale (ADAS-Cog) (Rosen et al., 1984) provides another measure of mental status, ranging from 0 to 70 (worst); both the MMSE and ADAS-Cog have good reliability and validity (Lezak, 1995) . A 23-item inventory of activities of daily living (ADL) (Galasko et al., 1997) , with ratings by the caregiver with respect to the amount of assistance the patient requires for each activity, was administered [score ranges from 0 to 78 (worst)] to evaluate functional status. Moderate to very good short-term reliability has been reported for AD patients at all severity levels (Galasko et al., 1997) .
Two instruments were used to assess behavioral symptomatology, the Hamilton Depression Scale (Hamilton, 1960) and the NPI (10-item score; Cummings et al., 1994) . As noted earlier, for each of the 10 (or 12) behavioral areas examined in the NPI, one frequency and one severity rating is generated. The NPI total score is derived by summing the products of the frequency and severity ratings for each area [range 0-120 (worst) for the 10-item version].
Sleep-based measures
Wrist actigraphy utilizes a wristwatch-like device (Mini-Mitter Actiwatch-64; Mini-Mitter Inc., Sunriver, OR, USA) that stores information about the wearer's movements in successive 19.7 ± 16.7 0-68 (104) minutes during 24-h periods. Periodically throughout the study, these data were downloaded to provide a continuous, computerized record of activity levels; periods where the actigraph shows no activity (time spent immobile) are interpreted as sleep. The sleep scoring algorithm of the MiniMitter actigraph was compared with EEG-scored sleep in seven subjects with AD (not participants in the melatonin trial). In these seven subjects, actigraphy tended to overestimate sleep time by a mean of 27%, but showed excellent correlation (r ¼ 0.92, P < 0.01) . Actigraphy was used to objectively estimate night-time total sleep time (NTST) as a function of time spent immobile between 20.00 and 08.00 hours averaged over 2-3 weeks prior to the baseline visit. Similarly, average daytime total sleep time (DTST) was estimated from the immobility data over this period for the 08.00-20.00 hours epoch. We estimated 24-h TST as the sum of DTST and NTST values averaged over the prebaseline period, and the average of the daily ratios of DTST/NTST reflected the ratio of time spent asleep during the day to that during the night. The actigraphy data files for each patient-participant reflected the number of minutes of mobility (time awake) between sleep onset (i.e. the onset of immobility after bedtime) and final awakening [i.e. the (last) onset of mobility immediately before the end of the night-time epoch or the end of the epoch], which was calculated for each night in the prebaseline period and averaged for an estimate of time awake after sleep onset (WASO). Similarly, the ratio of NTST to total time between sleep onset and final awakening expressed as a percentage was calculated for each night in the prebaseline period and averaged for an estimate of sleep efficiency (SE).
In addition to the actigraph-based variables, caregivers gave a daily sleep quality rating (SQR) in their sleep diary. For each morning during the prebaseline period, caregivers rated the patient-participant's sleep on a five-point scale (0 ¼ very poor night with little or no sleep; 1 ¼ difficult night with several awakenings or a long period without sleep; 2 ¼ fair night with only few, brief (<30 min) awakenings; 4 ¼ good night with only one, brief (<30 min) awakening; 5 ¼ outstanding night with no awakenings). These daily ratings were averaged for an SQR for the prebaseline period.
The SDI was administered at the baseline visit, where caregivers were asked to provide ratings for the frequency, severity and their distress with respect to the seven symptoms in the previous 2-week period. The number (of seven) items endorsed (i.e. rated as having occurred at least once per week) was recorded, and the SDI score was derived as the product of the average of the frequency ratings and the average of the severity ratings [range: 0-12 (worst)]. The SDI is included in the Appendix.
Statistical methods
Several analyses were carried out to assess the relationship between SDI score and both sleep-and non-sleep variables. First, to evaluate convergent validity between the SDI and other sleep measures, correlations were calculated between the SDI scores and all sleep-related variables: SQR, NTST, DTST, DTST/NTST, sleep efficiency, WASO, and 24 h TST (NTST + DTST). Secondly, to assess the impact of non-sleep variables on SDI scores, correlations were calculated between the SDI scores and all non-sleep related variables: age, AD duration, education, MMSE, ADAS, ADL, Hamilton and NPI. Finally, to evaluate the performance of the SDI in a clinical or applied sense, mean frequency, severity and caregiver distress ratings were compared across patient gender. These values as well as number of SDI items endorsed, and SDI score were compared by independent samples t-tests in study participants who met the definition of sleep disturbance Ôless than 6 h NTSTÕ (Yesavage et al., 2003) with those with 6 h or more NTST (measured by actigraphy averaged over the prebaseline period).
All analyses were performed using SPSS version 11.0 (2000; SPSS Inc., Chicago, IL, USA). As the population was recruited based on disturbed sleep, normality of the distributions of values for sleep variables was unlikely. Therefore, means and standard deviations for scores were calculated, along with modal values, for ratings of SDI symptoms. Also, nonparametric correlations (Spearman's rho) and t-tests were performed. P-values for the t-tests were adjusted according to Holm (1979) and adjusted P < 0.05 were considered significant.
RESULTS

Cohort characteristics
Over a 2-year recruitment period involving 36 research centers, 244 persons were screened and 157 participants (64%) were ultimately enrolled in the melatonin study . The 104 patient-participants described here had a mean age of 75.5 ± 8.6 years, reported an average of 12.6 ± 3.8 years of education and were diagnosed with AD an average of 4.6 ± 3.0 years prior to enrollment (see Table 1 ). Roughly half (49%) were female and on average, participants were moderately demented (mean MMSE 15.5 ± 8.4), although the range of severity was wide [MMSE scores from 0 to 30 and ADAS scores from 8 to 69 (although an MMSE £ 26 was an inclusion criterion, a few exceptions were made if the site principal investigator [all experienced, NIA-funded dementia researchers] felt that the clinical diagnosis could be made on the basis of history and other testing, such as the Clinical Dementia Rating scale)]. Table 2 presents the sleep-related measures excluding the SDI. Recruitment to the melatonin study was primarily focused on patient-participants who experienced an average NTST of <7 h, and actigraph-based estimates of NTST show that on average, the cohort described here had an average of 6 h (364.4 min) during the prebaseline period. Individuals who had more than 7 h of NTST during the prebaseline period were admitted to the study if their sleep was particularly fragmented. This was the case for 18 participants with valid NTST values in this cohort (17%).
On average, SQR for the 2-week observation period indicated that the typical participant experienced ÔfairÕ sleep at night, with few, brief awakenings (mean 3.1 ± 0.7).
SDI characteristics
Two values were calculated based on the SDI-item responses. The SDI score (average of seven frequency ratings · average of seven severity ratings) was 3.6 (SD: 2.2), with scores ranging from 0.6 to 10.3. On average, four of the seven items were rated as occurring at least once per week (SD: 1.6). The average frequency rating over the seven items was 1.9 (SD: 0.8), corresponding to a rating of ÔfrequentlyÕ (i.e. more than Ôonce per weekÕ but less than ÔdailyÕ). The average severity rating was 1.7 (SD: 0.5), roughly corresponding to a rating of ÔmoderateÕ. The average level of caregiver distress was 2.2 (SD: 1.1), corresponding to ÔmildÕ distress. Table 3 presents the item-level descriptive statistics for the SDI symptoms.
The modal frequency for five of the seven items on the SDI was zero, namely, the most frequently observed ratings indicated that difficulty in falling asleep (item 1), inappropriate night-time activities (item 3), waking up and thinking it to be daytime (item 5), awaking earlier than previously (too early) (item 6) and excessive sleeping during the day (item 7) did not occur in the 2 weeks prior to the baseline visit in this cohort. The two other items (getting up at night, item 2; awakening caregiver, item 4) had modal frequency ratings of 4, corresponding to occurring every night.
For SDI symptoms that the caregiver rated as having occurred at least Ôless than once per weekÕ (i.e. not those rated as Ônot present in last 2 weeksÕ), the modal severity rating was Ômild -not particularly disruptiveÕ only for two items (difficulty falling asleep and sleeping during the day). For the five other SDI symptoms, the modal severity rating was ÔmoderateÕ, indicating that these behaviors were disruptive to both the patient and the caregiver. The only symptom that was not rated ÔmoderatelyÕ emotionally distressing by the majority of caregivers in this sample was excessive sleeping during the day.
SDI and sleep variables
The SDI score (product of the average of frequency ratings for seven items and the average of severity ratings for seven items) was associated with every sleep variable except DTST and 24 h Wandering, pacing or getting involved in inappropriate activities at night 1.9 ± 1.7; 0 1.9 ± 0.7; 2 2.7 ± 1.4; 3 57.1 69.8 55.6
Awakening you during the night 2.4 ± 1.6; 4 1.9 ± 0.7; 2 2.6 ± 1.3; 3 67.9 72.0 54.9 Awakening at night, dressing, and planning to go out, thinking that it is morning and time to start the day 1.2 ± 1.5; 0 1.8 ± 0.7; 2 2.4 ± 1.4; 3 34.3 64.6 58.4
Awakening too early in the morning (earlier than is his/her habit)
1.7 ± 1.6; 0 1.8 ± 0.7; 2 2.2 ± 1.6; 3 51.4 65.0 51.7
Sleeping excessively during the day 2.0 ± 1.7; 0 1.5 ± 0.7; 1 1.3 ± 1.4; 0 58.5 40.3 23.9
Values are expressed as mean ± SD; mode, or percent. *These symptoms are from ÔThe Neuropsychiatric Inventory: Comprehensive assessment of psychopathology in dementiaÕ, by J. L. Cummings, M. Mega, K Gray, et al., Neurology 1994; 44, p. 2314 . Copyright 1994 by J. L. Cummings. Adapted with permission. Caregiver's distress rating; à proportion of group rating symptom as occurring at least once per week; § proportion of group reporting moderate or marked severity; -proportion of group expressing moderate to extreme distress. Frequency ratings (relative to the past 2 weeks): 0 ¼ not present; 1 ¼ less than once per week; 2 ¼ 1-2 times per week; 3 ¼ several times per day but less than every day; 4 ¼ once or more per day (every night). Severity ratings: 0 ¼ not present; 1 ¼ mild; 2 ¼ moderate; 3 ¼ marked (see Appendix for more detail). Caregiver distress ratings (how emotionally distressing is the behaviour?): 0 ¼ not at all; 1 ¼ minimally; 2 ¼ mildly; 3 ¼ moderately; 4 ¼ severely; 5 ¼ very severely/extremely. TST. SDI scores were negatively related to the mean SQR to a significant extent (q ¼ )0.277, P ¼ 0.006); significant negative association was also observed with NTST (q ¼ )0.244, P ¼ 0.014) and sleep efficiency (q ¼ )0.283, P ¼ 0.004). Positive and significant association was observed between SDI and WASO (q ¼ 0.243, P ¼ 0.014) and the ratio of DTST/NTST (q ¼ 0.215, P ¼ 0.030). The correlations between the sleep variables appear in Table 4 . The number of sleep disturbance symptoms endorsed (rated at least once per week) was not associated with SQR, WASO or 24 h TST, but was associated in the same direction and to similar extents with the other variables as the SDI score itself (SDI score and number of symptoms endorsed had a strong, positive correlation).
The average SQR over the prebaseline period was significantly associated with every sleep variable except 24 h TST. Associations between this sleep diary value with SE (q ¼ 0.490, P < 0.01) and WASO (q ¼ )0.412, P < 0.01) were the strongest.
SDI and non-sleep variables
Worse SDI scores were significantly associated with worse MMSE, ADAS, ADL, Hamilton and NPI scores (all P < 0.05). Correlations are presented in Table 4 .
No association between patient gender and the components of the SDI score was observed, that is, frequency, severity, distress, number of symptoms endorsed and SDI scores were not different for men and women (all P > 0.12). SQR were not associated to a significant degree with any non-sleep variable (all P > 0.06). Neither variable was significantly associated with age (both P > 0.15), education (both P > 0.18) or duration of AD (both P > 0.60).
Clinical/practical utility of SDI Finally, this cohort was divided into two groups according to a 6 h NTST criterion (i.e. <6 h NTST representing disturbance and ‡6 h representing no disturbance) recently proposed as a marker of sleep disturbance in persons with AD (Yesavage, et al., 2003) . Table 5 contains the means and standard deviations of SDI, SQR and non-sleep scores/values for the two groups.
Individuals with an average of at least 6 h of NTST by actigraphy during the prebaseline period (i.e. patients not meeting this sleep disturbance criterion) reported significantly lower severity and caregiver distress related to the seven SDI items; they had significantly lower SDI scores at baseline (all adjusted P < 0.05) and endorsed fewer items (adjusted P < 0.09) than did individuals with <6 h of NTST. SQR were very similar for the two groups (roughly equivalent to ÔfairÕ for both; adjusted P > 0.05). The groups were not different in terms of gender breakdown, age, years since diagnosis of AD, years of education, MMSE, ADAS, ADL, NPI or Hamilton scores (all adjusted P > 0.05).
DISC USSION AND CONCLUSIONS
The symptoms of sleep disturbance contained in the SDI were endorsed between 34% (waking up at night thinking it to be daytime) and 82% (getting up during the night) of live-in caregivers for this AD patient cohort (n ¼ 104). Night-time wandering and awakening the caregiver were the two items causing the highest level of caregiver distress, whereas daytime sleeping caused the least; these results are similar to those reported by McCurry et al. (1999) in an independent, population-based sample of community-dwelling persons with AD who were not specifically sleep disturbed.
Total SDI score was not associated with patient sex, education or dementia duration, but was cross-sectionally associated with worse dementia in this cohort with severity ranging from mild to severe; these results echo those reviewed and reported by Moe et al. (1995) based on REM, not actigraphic, objective sleep data. In a recent study of nondemented adult insomniacs and healthy matched adult controls, Voderholzer et al. (2003) reported that neither objective (polysomnography-based) nor subjective reports of sleep disturbance was associated with respondent sex. Studies of sleep and circadian rhythms in older adults and those with dementia have only inconsistently shown gender differences in daytime sleepiness, insomnia, and circadian phase (Bliwise, 1999) . These earlier findings support the validity of our results with the SDI and actigraphy.
The SDI scores correlated with every actigraph-derived sleep measure except for 24 h TST and DTST. This again indicates that in this cohort of subjects, caregivers were distressed mainly by night-time behaviors, and not daytime sleeping. This would likely be true of most caregivers, although the sample of caregivers in this study were a select group in that they had enrolled in a clinical trial for melatonin treatment of night-time sleep disturbance. Excessive daytime sleeping was one of the three most frequently endorsed behaviors and caused the least distress (see Table 3 ). It is possible that caregivers were not aware that maintaining proper sleep hygiene (e.g. not napping during the day; Neubauer, 1999) might decrease sleep disturbance; while the typical caregiver might value a respite provided by daytime sleepiness, it is possible that they are not aware that they may be, in effect, trading their own nighttime sleep for this daytime break. The SDI also differentiated individuals with <6 h of NTST and those with at least 6 h of NTST in terms of SDI score, mean severity and caregiver distress associated with each of the seven component items. These values were significantly worse for individuals averaging <6 h NTST. After adjustments for multiple comparisons, average frequency ratings did not differ between individuals grouped according to the 6-h criterion, and number of symptoms endorsed was marginally nonsignificant (adjusted P ¼ 0.09). Average frequency and number of symptoms endorsed were both worse for the individuals with <6 h NTST, and the failure of these differences to reach significance may be the result of the fact that all patientparticipants were known to have disturbed sleep. Future studies of the validity of the SDI with individuals without sleep disturbance are needed.
In these persons with disturbed sleep and AD, the SDI was found to be orthogonal to other sleep-related measures, explaining <25% of the variance in any one measure. These results suggest that there is some degree of commonality for SDI and these sleep-related measures, but not enough to characterize the SDI as overlapping with these measures. That is, the SDI contributes unique information about sleep disturbance by incorporating the caregiver's perspectives on severity and distress. The SDI scores indicate that a definition of sleep disturbance in AD patients that relies only on a threshold of TST will not fully reflect the caregiver's perspective captured by the SDI. We believe that the SDI score reflects salient symptomatology with respect to sleep disturbance. However, because of the scoring algorithm, intraclass correlation coefficients are not interpreted in a straightforward manner. In future studies we plan to evaluate the internal structure of the inventory.
The SDI is a simple and short instrument that can be administered once to characterize the period before an evaluation (2 weeks in this example), and can be administered at a screening or first evaluation visit. Conversely, a sleep diary such as that generating the SQR used in this study must be filled out each day during the same 2-week period before the screening visit, adding an additional visit (and extra 2 weeks) to a study protocol or to the evaluation of a patient's sleep disturbance.
In conclusion, we have demonstrated the validity of using the sleep questions of the NPI as an independent instrument (i.e. the SDI) in sleep research requiring a caregiver's report of sleep symptoms by showing good correlation, but not redundancy, with quantitative sleep measurements, including the 6 h NTST criterion. In terms of the impact on caregivers of sleep disturbance in co-residing persons with AD, we have also shown that night-time awakening, and not daytime sleeping, causes considerable caregiver distress. The SDI might be improved if it included items that refer to the caregiver's sleep, to provide a general idea of the extent to which their sleep was disrupted during the period covered by the SDI Table 5 Comparison of SDI and non-sleep variables for subjects with <6 h or 6 NTST, and unadjusted P-value Less than 6 h TST (n ¼ 44) 6 h+ TST (n ¼ 58) questions. We believe that the SDI fills a need for practical and experimental/clinical trial sleep instrument in the AD population.
